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ARALYSTS OF THE TIME RELATIONSHIPS IN DIRECT
| BALLISTOCARDIOGRAPHY RATE

[Pollewing is the translatien ¢f an arblcle
by M. N, Tumanevskiy and ¥u, D. Saferev entit-
-led "X analizy vremennykh soetneshenly v prya=
moy ballistekardisgrafil skerecsti (English
versien sbheve) in Xlinicheskaye Mediksins
(CLinlesl Medicime), Vol, ZLI, Ne. 6, Mescew,
1960, pages 60«66,7

The Clinic of Faculty Therapy (Director -
Prof. M, N, Tumsnovskiy) of the Voronezh
- Medlcal Institute .

The bollistocardiogram, like any graphic curve re=~|

flecting movement, has three parsmeterss displacement,
rate, and scesleration., The balllstocardiogram of displa-
cemant 1z less sultable for demonstrating the nature of
the process, since it does not debect high~frequency come

ponents of grester rate than the bhasic recordable freguens

cles., The fpureY ballistocardiogram of rate 45 valuable

~An that it retords the highefreguency vibretions of the

human body whilch depend, in psthologic cases, on distue

bantes in hemodynamics. The ballistosardlogran of accelew
ration ls even more sensitive in this respect. The balli-
stocardiogran of rate, having these velusble properties, |

is advenbtageously distinguished from the curve of scecelew

ration by the fact thal the method of obteining it is
simpler. : . :

. An electromaghetic device of the Dock-Parin type,

‘which detoehs the necessary movements for the ballisto-

cardiogrem of rabte, 15 avallable to any therapsutic ine
stitution. There are methods of obbalning ballistecsrdio-

grams of all three paramsters with one eleectromagnetic des

vice, by means of electrical integration of the curve of
rate to ths curve of displacement and differentiation of
the rate curve to the curve of acceleration (G. Ye.
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Tsinsadie, Snith and Bryan). Bub these are not as yet in
wide use, The extreme sensitivity of the electromsgnetic
devices to eleckrical and mechanical oscilliabions of
small amplitude and high frequency (surface mechaniecal
‘vibrations, musele tremors, alternsting oux 55, and so
forth) requires =zll investigators to use electrical file |
ters which raduce the frequency characteristics of the
ballistocardicgraph (V. V. Perin and A. V, Magreyevy . T.
Gefter and associatess Dock and Tavbmang Dock, Ge Mandele
baum and K. Handelbaum; Pordy and others).
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Fige 1. Ballistocardiogram of a healthy
27wyear old mzle taken at the
same time ag an electrocardio~

ram recopded from lead IT. To
ghe right is the scheme of time
analysilz of the systolle waves
of the ballistocardiogram.

In ofir studies we recorded the ®pure® ballistocapr-
diogram of pate (with electrical filter). Tuder these
conditions, eliminstion from the sbove-mentloned conbaai~
‘nating vences is a problem., We solved thils problem by
using a mechanlcal (not an electrical) damper snd a twos
channel recording device of specizl construction (Yu. D.
Safonov) which, in the presence of undistorted recording
of frequencies in the range of 0.3 to 120 ¢/#, does not
respond to guperficial electricdl interferencafd of this
frequency. This permitted us to debset by ballistocardio-
graphy the verlous irregulerities, splittings, and duplle
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cations of waves assoclated with paﬁhalagimﬁ? hemadynamic
disturbanc&u* |

Anelvsis of ballistocardiograms by the wijofﬁtﬁ of |
iﬂV@ﬂtigmtumw hags been confined to o deberminstion of the
degree of pathology qureaarted by thmmg according to ;
Brown snd 48 Lella, and to & determination ¢f certain pe-!
cularities ,.,Lhe form and basic timn ralationzhips (Ve V4
Parin, A. I, Gefter snd assoclates; B. S. Belousov, G. Al
Vitens huPVGOW3 Ling~chen, A. N Kochetov, Doely (G "Mandel-
baunm and K. Mande ]b“um)@

In znalyzing the time relationships obbained in
our studles, we came to the conclusion that o precise
aamgbt&tiaw of the time componenbs of the ballmatcc¢voiﬁ»
gram is of grfat elinical importance,.

Balli“ﬁmrarifogr"nH*V studles were carpried out by
ug 4n 100 hesltuy sublects aged 14 to €0 years, and in
320 - pauiemts with different cardiovagzeular n#aams@a {of
tieﬁa 120 hsé vascular heart disease and 80 ha a ommazmry
nsufbiciensy). Resistvation of the ballistoesrdiogram
wms effected with & twomchannel Irkewrlting eleatrocardiot
graph (wjuk a sensitivity of one mv = five “mm) e inaltane-
ously with one of the leads of the electrocs dlmgram {at
one mv = ten mm),

Fig, 1 chows a normal ballisbosardlogrom end the |
schemse of Uime -3a1ysiﬂ* In patholozlc casgen, wJTh SPLAt -]
ting or duplicab 1uu of the waves of the bsllistocardiom
gram, compvtat%Oﬂ of tims was carrlad to the second com-
ponent of the split or duplicated vave. :

The daba of the time relationships obtained in
healthy persons are shown in the teble.




Table

Pime dn seconds .
R-H R~1 R-J R-K H!

¥
I

! )
Average { 0,06—0,1 |0,11-0,14 | ©,19-0,24 | 0,25-0,33 | 0,04-0,07
veluesi o2 | o2 | 028 | 0,278 0,051

bt s

(ut a rrequnsy r of cardiac contraeti@n oF ot more than
"80 to 8% beats per minute) -

Tablq
(continned)

.......

% 7 JK KL LM MN

j
Ave{age 6,07--0.,1 0,06-0,1 0,07—0,1 0,065--0,1 G, Oﬁm() 09:
values {

» 0,082 0.076 . 0,081 » 0,068 ] 0 07 ;

(at a fééﬁﬁéncy of cardiac éggiféﬁtian of nmu mor& tham
80 to 8% beats per minmube)

The data shown in the table are slightlv {by 0402
to 0,03 seconds) ®"fasgter® than the data of other suthors
(he T Gefber and associates, Scarborough et al, Dock
Mandelbsum ard K, Mandelbeum) but do not differ from the
data of 8mith, who used a “pure®" ballistocardiographic me-
thed for &eﬁ@rminafian of rate. The cause of this is to be
sought in the sbsence of electrical filtretien in our stu-
dies, Electriczl filters, as is imown, by imbroducing a

phase shift, cause a alight “retarﬁatian“ of the wave of
the ballisteaardiopram beyond the R wave of ROG, Moreover,
we count the time of the ballistocardiographic wave from
the R wave, whereas the majority of forelign authors start
from the Q wave of the ECG. The § wave 1s slmost never
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. time intervals longer than in unbrained subijocts. In come

. - .- :
abvious, and we belleve that It is more sulbable, in a
practical sense, to start with the anex of thoe T wave.

Somz sutbhors report still shorter inbervels of i
time Tor tho» componenty of the ballistocardicgram (by 0,01
to 0,015 seconds). Basieally this pertains to the B-H ond
R-J intervals (V, V. Parin, R. K. Bayevskiy)s, It is pro- |
bable that thils ney be due to the predominance of subjoeebs
of older or younger ages in the group studied, The nvuber
of subjects, and the presence or agbsence of twalined sthle-
tes dn thegréup. In sll such insbiances, thers 1s a robhen
marked veriastion in the time relationships of the balll-
stocardiogran, either to the shorter or to the longer side
In our group of 100 healihy personsy there werd 12 athlew
tes, among vhom there was ordinarily bradycaerdias with

ruting the average valves, this led to a prolongation of
them, desplie the Maccelerating® effect of the absence of
electrical Tiltration in our studies. .

Mopeoyer, the data of R, I, Bayevaskly were obbale
ned under Tield conditlons in which the studies were care
ried out following an inadequate period of resh, and phy-
sical stress, as is known, shortens the time of the ballie
stocardiogranhlc waves,

i
In the majority of our patients (70 pevcent) with |
mitral Insufficlency, and hence with splitbing of the ®
wave,; there wog a prolongation of the R-H time to 0.13 ;
to 0,19 seconds and a shortening of the Hel time to 003 |
gseconds (Fizs 2). This disturbsnce was noted most fre- :
quently 1n the complexes on expirshbion. After physical
exertlion the percentage of instances in which this ccoupe
red on the ballistocardiogranm inereased (to 8% percentd. |
The appesranse of a second pesk of splitting of the H
wove is inberpreted by uz to be the result of an additio-
nal movement of the body of the potient In ths direction
of the hesd, csused during the phase of vantricular cone
trastion by the reverse flow of bleod from the left vorm
tricle into the left atrium. 8ince this Yreverce expul-
ston" continues into the phase of arpulsion, 1t overleps

in time the subsequent phase, shortening it on the gra-

vhic recorder (lengthening the R-F intervsl shortens the
HeT dnterval)s
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Ballistoeardiogram ol patieitt e,
19 years of zge, with mitrasl in-
sufficlendy, Upon expiraticii there
is splitting of the Hewave with
prolongetion of the B-H intervel
to 0.3 second and shortendng of
the HaT Interval Lo 0.03 second,
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Balllstocardiogram of patlent B,
27 years of age, wilth z diagnosis
of combined mitral valvular dis- .
ease with predominance of insuf-
ficiency., There 1Is splitting of
the H and I waves, B=In = 0,18
second, I1=Io = 0,095 second,

Io=d = 0405 second. There 18 not-

chilng of the K-l ssgment.
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" M. 8. Vovsl, using s dynamecardiogram in patilents:
with mitral lesions, slso remarks on the splitting of segs
ment IY of the dynamocardiogram, which reflects the phase
of contraction of the ventrieles. He regards this dlstur-
bance &g a manifestation of asynchroniem of the phase of
ventriculer conbraction. . !

In 90 percent of patients with combined mitral val-
vular disease we observed spliltting or duplicsbilon of the
H and T weves with prolongstion of the R-T time fo 0.22
second., With predominance of stenosis, the lenzth of the
R=~1 segment was greater than with predominant Ingoffi-
clency. ‘ - : :

Splitting or duplication of the T wave of the bale
listocardiogrom wae inbterpreted by us as an expresgsion of !
asynchronisn of ventricular conbtraction during the phage’
of rapid expulsion. The time between the first wave of " |
expulsion (J1) and the second (Is) in mitrsl stencsis in-|
dicates, most llkely, the time of delay of right ventri-
cular contrachion beyond that of the left ventricles ik
may reach velues of 0.08 second (Fig. 3 and 4}, The balli+t
stooardiogrem in such cases assumés a unigue forms the

- second peak of the B wave is, as 1t were, the first J
wave, and the ordinary J wave appears to be the second J
wave with shortening of the Ips-Jp time to C.04 to 0,05
second (see Fig. 4). A

‘ : Iﬂ.s }’iim E‘“xp im
ration I ratlon

ﬁ‘[, ¥
hd?
Lh®

Filge 4, Ballistocardiogran of pabtlent B
17 years of age. Dlagnosis: awmh%nmﬂ
- mibrel walvular diseazse with predomi-
nant stenosis, Beln = 0,2 second
Ti=Tp = 0,08 secondy Ip=Jdz = 0,05 se-
cond., Hz iz simulbtaneous with J1.

1

.
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Fige %e Bollistocardiogram of paiﬁ’ b Aw 22
yesTs of ape, Disgnosis: ii$31 t e
n g sortdo {;Jﬂffﬂﬂiﬁﬂﬂv m%ﬁ

yaves are sylit. BeJs = 0,26
JowE = O, 04 second {:u 2

gto of 90 bests per mimabel,

fot infrequently it 1s posgible to nobe that, iIn
the complak during insvlrdtion§ when there i vpauelly an
increased J%to i volume of the vizht ven%ricleg thowe
18 an increased amplibtude of the second peak £ the
secend I znd J waves (I,de)\ and on ewpiwdﬁ*O» whet
there 12 on incressed systolilc volume of “Lﬂ Te‘ Ve~

Q

tricle, thers is an ineroased amplitude of the first I
and J waves (TiwJd1)e Tn these patients (mi?h lmmTo prea-

g o

ter than 0,05 second), it 1s slways possible GO Aatect by
avgculﬁaﬁboa s duplication or splitbing of the second
heart sound.

Asynehronism in the conbrastion of the wight
jeft verntricles in patients with miﬁ%&l stenossis is

,?iun\é also by t Jumber of other aubhors (Ye, Be Lnbﬂkﬁv

M. Ge Vovsi. Ve L. »;rpmxn and G. V. Sadovskaye, using
tkﬂ dynanocurdiogram, snd by Bodrogl, using the hallistow

ardiogram snd the n‘cnﬂ 1aimb_amju the ?ﬂ*tr? pregenbed
a balli tocar liag%am similar to tha one described by us
{with two T and J waves).

Of course, thils interprebtation of the causes of

ot s e




-

f

b e e

s

1
|
H
i

|

cgram of rabe in pstients with different foris of coronary

spritting of the H and I waves of the ballistocardiogram
1n lessiong of the mitrsl velve i8 not beyond dispute,
Hewever, we believe It possible to state one of the more
1ikely hypotheses, which unguesbionshbly mzet bhe aubjected
to further investlgatlon. -

Norsover, in the ballistocardiogranm in mitrsl ste-
nosis we not infreguently have seen notching of the Kk
gsegment with prolongation of the KL time and splitting
of the ¥ and N waves, which 1z probably asgociited with
ssynchronism of the phases of venbtriewlar £Iliing.

T the bollistocardlogran of persons with esortle
insufficiency {eix patlents), in zddition to greabt awpli-
tude of the Tt waves, we ﬂﬁ%eﬂ splitting of the J wave
or notehing of the J=K segment with prolongation of Bwal oy
time 4o 0s,26 To 0,3 second and shorfening of the Jp=E =
time to 0.04 second, This has invarisbly heen accompanied
by splitting of the diastolic M wave, Changes in the J
wave sre related, most 1likely, to gquick reduetion in pres-
sure in the eortas at the end of systolic expulsilon (phasze
of slow expulsion), and splitting of the ¥ wave with re-
verse force cweaﬁeé by the reverse flow of bleood from the
gsorta into the left venbtricle during the time of £111ing.

The presence in a patient of a second leslon, such
5s stenosis of the left venons estium, does not obscure
the ballistocardiographic pleture of %he aorble lesion,
?ut magily zdde the changes deseribsd in mibtral stenosis

Figm A ,

Splitting of the J wave in sortle lnsufiiclency
was earlicr noted by Smith et al in recording hallilstoe
cardiopgrans of rate and of acceleration, but was not seen
by these investigators in ballistocardiograms of disploce-
ment.,’ : ,

.

We have already reported (I, M. Tumanovskly and
Yu. D. Safonov) on certain changes in the ballistocardio-
insufficlency.

T addition to daotermination of the degree of paw
thologic change in the ballistocardiogram, according to
Brown and de Ialls, and to the formg of disturbances rew
marked upon by Ve Ve Parin, &. I. Ceften and aasociates, -

G. A, Vitenzhbeynag, T. 7. Kononenko snd N, T, Shbtellmakn,

—
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out marked prolongation of the BT and BT times (&5 come

Starr, Taymor, Wade et al, we found that ix patients with
coronary arterlosclerosis, despite condiderable qualibze

tive changes in the form of the ballistocardiogram similer
to those geen in valvular leslons of the heark, no marked
changes ogour in the time relabtionships. Disturbanses of
the ballistocsrdiograms in patients with coronary arberic
sclerctic anglus pectoris and myncardial infaretion were
usually apparent as o splitting of the T and J waves, with

pared with hezlthy subjects), The Iy-Is or Ji=J2 times
never excecdsd (.04 to 0,08 second %Fig; 6 and 7). In
these caseg It wis almost never possible to detect by aus-
culﬁgﬁimnra duplication of the firsht or second heart
sounas. :

s e
- Pration &7 Gt ration
: Rﬂﬁpfﬂmh" : sl
4,4
f . & I wfl R
U Vi a i Al
PR
wi® |

Figs 6. Bollistocardiogram of patient S.,
A7 years of age, Disguosis: myo-
cardial infarction of the anberior
wall of the left wentricle (orf
Tour weeks! duration). There is
splitting of the J, L, and ¥ waves,
B=Jn = 0,2 second (normal), Jy=Jo
V.04 second. ‘
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days) after the attack of angina, whereas the ECG elither
- remained normal or was altered only during the attack
- itgelf. : : _ ‘ ‘
i ’ ;
: In vegponse to physicsl exertion, the ballistocsr-|
diogram 13 2lso more sensitive than the BCG. i

the most valuable for clinileal purposes is the ballisto-

~gram of displacement,

Somebimes, in pabilents with coronary insufficiency
together with splibting. of the T snd J.-waves fhere wag
splitting of the H wave, especially in the complexes dtte
ring expirvation (withoub espscisl vrolongatich of the ReH
intervall)., In these cases we regarded this disturbance as
s manifesbatlon of asynchronism of the phase of ventricu-
lar contrastion, probably due to asynchronism of pressure
dn the pregencs of a delayed incronse in pregssure in the
left ventricle, Such a view 1s in agresement with the fin-
dings of ¥, 8. Vovel, vho explains similsr disburbances
in the dynamocardiogram by asynchronism of the phase of
conbraction, "

a

Conclusiong

- (1) Andlysis of the time ralationships in the bal-
listecardiogranm of rete indicate marked disturbances in
connectlon with' the phases of ecardise ametiviby, Tmplicae
ticn of the systolic waves of the ballistocardiogram, with

rolongation of the fims of the corresponding apices of
the waves from the R wave of the BCG, may be looked upon
g an expresslon of asynchronism in the activity of the
ventricles.

(2) The bvallistocardiogranm reflects not signs of
dlsease a8 sueh bub rather signs of disturbances in hemo-
dynanics, which may be encountered in different cardice
vagseular dlseases. :

(3) 0f the dirvect methods of ballistocardicgraphy,
cardlogram of "pure® rate, which demonstretes highefrow

guency components which tend to be eliminsted with elentrd
cal filtretion and are not recorded on the balliistocardio

(4) Daba obtained with the use of the unfiltered

H

ballistocardiogran of rate correspond more nearly to the
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